ABSTRACT: Colostrum intake is important for health and postnatal development of neonatal calves. We studied the effects of enhanced first colostrum feeding on growth, health status, and metabolic and endocrine traits in calves during their 1st wk of life. Calves of group CL (GrCL; n = 7) were fed colostrum of milkings 1 to 6 twice daily during the first 3 d of life, followed by milk replacer (MR) up to d 7. Calves of group CH (GrCH; n = 7) were fed colostrum of the first milking during the first 3 d and then colostrum (of the first milking) twice daily, which on d 4, 5, 6, and 7 was diluted with 25, 50, 75, and 75 parts of MR, respectively. Pre-and postprandial blood samples were taken on d 1, 2, 3, and 7 for the determination of various metabolic and endocrine traits, and on d 5 intestinal absorption capacity was measured using the xylose absorption test.
Introduction
Bovine colostrum contains less lactose but more fats, proteins and peptides, fat-soluble vitamins, minerals, various enzymes, hormones, growth factors, nucleotides, polyamines, and cytokines than mature milk (Campana and Baumrucker, 1995) . Except for lactose, these compounds are particularly abundant in the first colostrum, but they rapidly decrease within approximately 8 d to amounts typical for mature milk (Ronge and Blum, 1988; Grü tter and Blum, 1991b) . Colostrum intake supports the adaptation of calves to their new Part of a thesis for Dr. med. vet., accepted by the Veterinary Faculty, Univ. of Berne, July 1999. 3 To whom the correspondence should be addressed (phone: +41-31-6312324; fax: +41-31-6312640; E-mail: blum@itz.unibe.ch).
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Rectal temperatures and fecal scores were higher (P < .05) in GrCH than in GrCL. Plasma concentrations of total protein and albumin were higher (P < .05) on d 7, IgG on d 2 and 3, and urea on d 2, 3, and 7 in GrCH than in GrCL. Plasma concentrations of triglycerides were higher (P < .05) on d 2 and of phospholipids and cholesterol were higher (P < .01) on d 7 in GrCH than in GrCL. Plasma insulin and glucagon concentrations were higher (P < .05) in GrCH than in GrCL, whereas prolactin and growth hormone concentrations were higher (P < .05) in GrCL than in GrCH. Enhanced colostrum intake had no effects on xylose absorption on d 5.
Higher plasma protein, urea, and lipid concentrations in GrCH partly mirrored higher protein and fat intake but additionally pointed to higher protein synthesis and lipid turnover.
environment, establishes passive immunity (Stott and Fellah, 1983) , supports development and function of the gastrointestinal (GI) tract, and influences metabolic and endocrine systems and neonatal nutritional status (Demigné and Rémésy, 1984; Simmen et al., 1990; Grü tter and Blum, 1991b; Lee et al., 1995; Odle et al., 1996; Blum et al., 1997; Guilloteau et al., 1997; Bü hler et al., 1998; Blum, 1998, 1999) . However, colostrum feeding of dairy calves is often insufficient (Roy, 1980; White and Andrews, 1986) . Amounts and time point of colostrum intake greatly affect metabolic and endocrine traits in neonatal calves raised in conventional farm systems with two daily feedings Blum, 1998, 1999) . Compared with dairy calves, suckling calves (that had ad libitum access to colostrum) had improved BW gain and immunoglobulin G (IgG) status and different metabolic and endocrine traits during the 1st wk of life (Egli and Blum, 1998) . The question has to our knowledge not been addressed whether feeding large amounts of first colostrum affects intestinal absorption, metabolic and endocrine traits, besides immunoglobulin and health status, and growth performance in calves during their 1st wk of life. The experimental procedures were approved by the Cantonal Committee for Animal Experimentation of Freiburg (Granges-Paccot, Switzerland).
We studied male calves (nine Simmental × Red Holstein, one Brown Swiss, and four Holstein Friesian) born between December 1997 and March 1998 at the Federal Research Station for Animal Production (Posieux, Switzerland). All calves were single-born after normal durations of pregnancy and normal parturitions. They were obtained immediately after birth, weighed, and held on straw litter in single boxes for 7 d.
Calves were divided into two treatment groups (GrCL and GrCH), each consisting of seven calves. The GrCL received colostrum from milkings 1 to 6 (first 3 d of lactation) on the first 3 d of life, and then MR up to d 7. The GrCH received first colostrum twice daily on the first 3 d, and then first colostrum, which on d 4, 5, 6, and 7 was diluted with 25, 50, 75, and 75 parts of MR, respectively (Table 1) .
Amounts of whole colostrum fed were 60 mL/kg BW on d 1, 80 mL/kg BW on d 2, and 100 mL/kg BW on d 3 to d 7. Calves were fed by bottle twice daily. Calves received their first meal at 2.7 ± .9 h (GrCL) and 3.2 ± 1.2 h (GrCH) after birth. The ensuing feedings were at 8, 24, 32, 48, 56 , and 72 h after the first feeding. From d 4 on, calves were fed daily at 0800 and 1600. Calves had free access to water starting on d 4.
Colostrum was from cows of the Federal Research Station for Animal Production (Posieux, Switzerland) and on farms in the neighborhood of the research station. Cows were milked twice daily, and the colostrum from each milking was separately stored in plastic bottles at −20°C. Pools of milkings 1 to 6 were prepared at the beginning of the study and then stored in plastic bottles at −20°C until used. Before feeding, colostrum was warmed to 40°C and then immediately fed.
The MR (# UFA-200-Natura; without antibiotics) was purchased from UFA AG (Sursee, Switzerland) and was prepared as 100 g/L solution. Contents of water, dry matter (DM), CP, crude fat, nitrogen-free extracts (NFE), crude ash, and concentrations of IGF-I and insulin in colostrum and MR are shown in Table 2 .
As prophylaxis against infections, calves received injections s.c. of 20 mL of an immunoglobulin preparation (Gammaserin, 100 g IgG/L; E. Grä ub AG, Berne, Switzerland) after the first blood sample, and from d 2 on they were additionally fed chicken-egg-derived immunoglobulins containing high antibody titers against rotavirus and pathogenic E. coli type K99 (Lohmann Animal Health, Cuxhaven, Germany) with every meal in amounts of 5 (d 2), 4 (d 3), 3 (d 4), 2 (d 5), and 1 g (d 6, 7, and 8) per meal.
Health Status
The health status of the calves was evaluated daily using a scoring system as described by Kü hne et al. (2000) , based on the following clinical traits: behavior (scores 0, 1, and 2 for attentive, exhausted, and apathic, respectively), rectal temperature (scores 0, 1, and 2 for 38.5 to 39.5, 39.6 to 39.9, and > 40°C, respectively), heart rate (scores 0 and 1 for 90 to 110 and > 110 beats/ min, respectively), respiratory rate (scores 0 and 1 for 30 to 45 and > 45 respirations, respectively), coughing (scores 0, 1, and 2 for none, superficial, and deep or frequent, respectively), nasal discharge (scores 0, 1, and 2 for none, serous, and mucopurulent, respectively), eye discharge (scores 0 and 1 for none and present, respectively), fecal consistency (scores 0, 1, and 2 for normal, thin, and watery, respectively), and navel adspection (scores 0 and 1 for normal and inflamed, respectively).
Blood Samples
Blood samples were taken before (0 h) and at 1, 2, 4, and 8 h after the morning feeding on d 1, 2, 3, and 7. Blood was collected by puncture of the jugular vein using evacuated tubes. Tubes containing dipotassium − EDTA (1.8 g/L blood) were used to collect blood for the determination of the concentrations of total protein, albumin, urea, creatinine, glucose, NEFA, triglycerides (TG), cholesterol, phospholipids, IGF-I, GH, insulin, glucagon, cortisol, 3,5,3′-triiodothyronine (T 3 ), thyroxine (T 4 ), prolactin (PRL), and the activity of γ-glutamyltransferase (γ-GT) in plasma. A small amount of whole blood of the preprandial blood samples on d 1, 2, 3, and 7 was used for hematological analyses. Tubes containing dipotassium − EDTA (1.8 g/L blood) and sodium fluoride (3 g/L blood) were used to collect blood for the determination of lactic acid. Tubes without anticoagulants were used for the determination of IgG in serum and were stored at room temperature for 15 to 30 min before centrifugation. All tubes were centrifuged at 1,000 × g for 20 min. Supernatants were divided into aliquots and stored in multiple aliquots at −20°C until they were analyzed.
On d 5, D-xylose (.5 g/kg BW) was fed to each calf at the morning feeding to test the absorptive capacity of the GI tract. Blood samples were taken before (0 h) and at . 5, 1, 2, 3, 4, 5, 6, 7, 8 , and 24 h after feeding with evacuated tubes containing dipotassium − EDTA (1.8 g/L blood) to measure D-xylose concentrations.
Laboratory Analyses
Blood Analyses. Total protein, albumin, IgG, urea, NEFA, TG, glucose, insulin, cortisol, GH, IGF-I, PRL, lactic acid, and glucagon concentrations and γ-GT activity were measured in all blood samples, whereas cholesterol, phospholipids, T 3 , and T 4 were measured only in preprandial samples on d 1, 2, 3, and 7 and creatinine in preprandial blood samples on d 1, 5, and 7. On d 5, only xylose was determined in all samples. Plasma concentrations of total protein, urea, creatinine, TG, cholesterol, and glucose and γ-GT activity were mea- Nitrogen-free extracts contained 710 g lactose/kg (i.e., 311 g lactose/kg milk replacer on a DM basis). sured using kits (# 07 3678 3, # 07 3685 6, # 07 3667 8, # 07 3679 1, # 07 3664 3, # 07 3671 6, and # 07 3656 2, respectively) from Hoffmann-La-Roche (Basle, Switzerland), albumin, phospholipids, and lactic acid with kits (# 61051, # 61491, and # 61192, respectively) from Bio Mérieux (Marcy l'Etoile, France), and NEFA using a kit (# 994-75409) from Wako Chemicals (Neuss, Germany). The IgG concentration in serum was determined by immunoprecipitation using single radial diffusion . Insulin, IGF-I, glucagon, cortisol, PRL, T 3 , and T 4 concentrations were measured with RIA as recently described by and Blum (1997b, 1998) . Hemoglobin concentrations (colorimetrically) and packed cell volume (microhematocrit centrifuge) were measured as described by Egli and Blum (1998) , and D-xylose was measured as described by Hammon and Blum (1997a) .
Analyses in Colostrum and Milk
Replacer. Aliquots of 50 mL of the six colostrum pools and of the MR were lyophilized and DM, CP (by Kjeldahl method), crude fat (by Soxhlet extraction), and crude ash (after combustion at 550°C) were determined using standard procedures at the Swiss Federal Research Station for Animal Production (Posieux, Switzerland). Contents of water, NFE (i.e., sugars and thus mainly lactose), and GE (based on energy equivalents of 36.6, 17.0, and 24.2 MJ/kg fat, NFE, and CP, respectively) were calculated. Concentrations of IGF-I were analyzed as described by Hammon and Blum (1997b) , and concentrations of insulin were determined as described by Ronge and Blum (1988) .
Analyses in Drugs.
In Globigen 88 and Gammaserin, IGF-I concentrations were measured as described for plasma. For IGF-I determination in Globigen 88, 100 g of the product was dissolved in 1 L of water. The IGF-I concentrations in Globigen 88 were less than the detection limit, and Gammaserin contained 288 g IGF-I/L.
Statistical Procedures
Values of clinical metabolic, hematological, and endocrine traits in blood are expressed as means ± SEM. Mean concentrations were measured by calculating the area under the concentration curves. After subtraction of basal (preprandial) values, the areas under the concentration curves were calculated as a measure of total incremental or decremental changes (⌬ 0-8h ) of metabolite and hormone concentrations to evaluate total postprandial effects. For time and treatment differences, pre-and postprandial concentrations, mean daily concentrations, and total postprandial effects on d 1, 2, 3, and 7, as well as xylose absorption on d 5 and clinical traits, were evaluated using the RANDOM and RE-PEATED methods of the MIXED procedure (SAS, 1994) . Treatment (i.e., different colostrum feeding) and time were used as fixed effects and the individual calves were used as random effects. The given P-values are derived from t-tests using estimates after Mixed Model procedure and were considered significant if P < .05. Significances of differences in intake were evaluated by Student's t-test.
Results

Feed Intake, Body Weight, and Health Status
Intakes of water, NFE, and crude ash during the 1st wk of life were higher (P < .05) in GrCL than in GrCH, whereas intakes of DM, GE, CP, and crude fat during the 1st wk of life were higher (P < .05) in GrCH than in GrCL, as shown in Table 3 .
Body weight before first feed intake was 47.1 ± 1.7 kg in GrCH and 45.7 ± 2.5 kg in GrCL. On d 7, BW was 48.1 ± 1.7 kg in GrCH and 44.6 ± 2.4 kg in GrCL. Rectal temperature was higher (P < .05) on d 2 and 4 in GrCH (39.2 ± .1°C on d 2 and 39.4 ± .2°C on d 4) than in GrCL (38.8 ± .1°C on d 2 and 39.0 ± .1°C on d 4). Calves were generally healthy, and there were no obvious differences in the various health scores. However, loose feces were apparent in six calves in GrCH, lasting for 1 d in one calf, for 2 d in three calves, and for 3 d in two calves, whereas in GrCL, one calf had loose feces on d 6 and one calf on d 3 and 4. Sums of fecal scores were 1.9 and .4 in GrCH and GrCL, respectively.
Blood Plasma Metabolite Concentrations
Hematocrits and hemoglobin concentrations (Table  4) were high after birth and similarly decreased (P < .001) until d 7 in both groups.
Plasma total protein concentrations ( Figure 1A ) increased (P < .001) in both groups after first colostrum intake and remained high (P < .001) during the 1st wk of life in GrCH but decreased (P < .001) from d 3 to d 7 in GrCL. Total protein concentrations were higher (P < .01) on d 7 in GrCH than in GrCL.
Plasma albumin concentrations ( Figure 1B ) decreased (P < .01) after the first feed intake in both groups, remained low on d 2, and increased (P < .001) up to d 3 in GrCL and up to d 7 (P < .001) in GrCH. Concentrations on d 7 were higher (P < .05) in GrCH than in GrCL.
Plasma IgG concentrations ( Figure 1C ) increased (P < .001) in both groups after the first feed intake, increased (P < .001) from d 1 to d 2, and decreased (P < .01) from d 3 to d 7. Concentrations were higher (P < .05) on d 2 and 3 in GrCH than in GrCL.
Plasma urea concentrations ( Figure 1D ) in GrCH increased (P < .001) transiently from d 1 to d 3 and then decreased (P < .001) up to d 7 but still remained at higher levels (P < .01) on d 7 than on d 1. After feed intake on d 2, concentrations slightly and slowly increased (P < .05) in GrCH but remained stable on d 1, 3, and 7. Concentrations were higher (P < .05) at 8 h after feed intake on d 2, and on d 3 and 7 in GrCH than in GrCL.
The activity of plasma γ-GT (Table 4) increased after the first meal (P < .05) and decreased (P < .01) from d 2 to d 7. On d 1, the postprandial increase was greater (P < .01) in GrCL than in GrCH. by guest on December 6, 2012 www.journalofanimalscience.org Downloaded from Table 4 . Basal blood plasma concentrations of metabolic traits in newborn calves fed either first colostrum during the entire 1st wk of life (GrCH; n = 7) or fed colostrum for the first 3 d and then milk replacer for the 1st wk of life (GrCL; n = 7) Plasma creatinine concentrations (Table 4) in both groups were high on d 1, decreased (P < .001) until d 5, and stayed at low levels up to d 7. On d 1, concentrations were higher (P < .01) in GrCH than in GrCL.
Prefeeding glucose concentrations (Figure 2 ) in GrCL increased (P < .01) from d 1 to d 3 and in GrCH increased (P < .01) from d 1 to d 7. Mean glucose concentrations increased (P < .001) from d 1 to d 2 in both groups and stayed at these levels until d 7 in GrCL but increased (P < .05) again from d 3 to d 7 in GrCH. Concentrations postprandially increased (P < .05) in both groups on d 2, 3, and 7, and in both groups postprandial glucose response was higher (P < .05) on d 2 than on d 1 and was higher (P < .05) in GrCL on d 2 than on d 3. Concentrations were higher (P < .05) at 1 h after feed intake on d 7 in GrCH than in GrCL.
Plasma lactate concentrations (Table 4 ) were high at birth and then decreased (P < .05) continuously in both groups up to d 7, but there were no group differences.
Postprandial plasma NEFA concentrations (Table 4 ) decreased (P < .05) transiently at 4 h after each feeding on d 1, 2, 3, and 7 in GrCL (by .6 ± .03, .32 ± .00, .23 ± .01, and .36 ± .05 mmol/L, respectively), with the greatest decrease on d 1. In GrCH, concentrations decreased (P < .05) transiently on d 2, 3, and 7 at 2 to 4 h after feed intake (by .3 ± .02, .21 ± .02, and .22 ± .03 mmol/L, respectively). In GrCL, preprandial plasma NEFA concentrations transiently decreased (P < .001) from d 1 to d 2 but then did not change up to d 7. In GrCH, the NEFA concentrations did not change from d 1 to d 2 but then decreased (P < .05) until d 7. Concentrations decreased more (P < .01) in GrCL than in GrCH after feed intake on d 1 and were higher (P < .05) in GrCL than GrCH at 1 h after feeding on d 7 (data not shown).
Plasma TG concentrations (Figure 2 ) in GrCL increased slightly (P < .01) from birth up to d 3 and then decreased (P < .01) up to d 7. In GrCH, concentrations increased (P < .001) from d 1 to d 2 and decreased (P < .001) up to d 7. The response after feed intake was highest (P < .05) on d 2 in GrCH. Concentrations postprandially increased more markedly (P < .05) on d 2 in GrCH than in GrCL.
Plasma phospholipid concentrations (Table 4) in GrCL increased (P < .001) from birth to d 3 and then decreased (P < .001) to d 7, whereas in GrCH concentrations increased (P < .001) during the 1st wk of life. Concentrations on d 7 were higher (P < .001) in GrCH than in GrCL.
Plasma cholesterol concentrations (Table 4) increased (P < .001) from birth to d 3 in both groups and increased (P < .001) from d 3 to d 7 in GrCH. Concentrations on d 7 were higher (P < .001) in GrCH than in GrCL.
Blood Plasma Hormone Concentrations
In both groups, there was a transient postprandial increase (P < .05) of plasma insulin concentrations (Figure 3 ) on d 1, 2, and 3 in GrCL and on d 1, 2, and 7 in Figure 1 . Plasma pre-and postprandial total protein (A), albumin (B), immunoglobulin G (IgG; C), and urea (D) concentrations on d 1 and preprandial concentrations on d 2, 3, and 7 in neonatal calves fed first colostrum from birth to d 7 (GrCH; ᭺) or only colostrum of milkings 1 to 6 during the first 3 d of life and then MR to d 7 (GrCL; v). Values are means ± SEM, n = 7. On d 1 to 3 of life, calves of GrCH were fed first colostrum, followed by first colostrum mixed with 25, 50, 75, and 75 parts of milk replacer, respectively, up to d 7. Calves of group GrCL were fed colostrum of milkings 1 to 6 on d 1 to 3, followed by milk replacer up to d 7. Arrow = time of feeding.
GrCH. In GrCL, mean concentrations did not change until d 3, then increased (P < .05) to d 7. In GrCH, the insulin remained at the same level during the 1st wk of life. Concentrations were higher (P < .001) at 1 h after feeding on d 7 in GrCH than in GrCL. Plasma glucagon concentrations (Figure 3 ) in both groups increased (P < .05) after the first feed intake and then decreased (P < .05) from d 2 to d 7 in GrCL but remained high until d 3 and decreased (P < .001) up to d 7 in GrCH. Concentrations were higher (P < .05) in GrCH than in GrCL on d 2 and 3.
Plasma PRL concentrations (Figure 4 ) in GrCL and mean concentrations in both groups increased (P < .01) from d 1 to d 2 and in GrCL decreased (P < .001) from d 3 to d 7. Concentrations on d 2 were higher (P < .05) in GrCL than in GrCH, and postprandial concentrations on d 2 decreased more (P < .05) in GrCL than in GrCH.
Mean GH concentrations during the 1st wk of life (Figure 4 ) increased (P < .05) from d 3 to d 7 in GrCL but did not change in GrCH. Postprandial concentrations increased (P < .05) in GrCL on d 1 and 7 and were higher (P < .05) in GrCL than in GrCH at 2 and 8 h on d 1, at 2 h on d 2, and at 2 and 4 h on d 7.
Plasma IGF-I concentrations (Table 5 ) continuously decreased (P < .001) from d 1 to d 3 in both groups, but concentrations increased (P < .01) up to d 7 in GrCH. Concentrations at 4 and 2 h after feed intake slightly decreased (P < .05) on d 1 and 2 in both groups (by 15.1 ± 3.9 and 20.0 ± 2.2 g/L, respectively, in GrCH, and 19.9 ± 3.2 and 23.4 ± 1.7 g/L, respectively, in GrCL).
Plasma cortisol concentrations (Table 5) in both groups decreased (P < .001) from d 1 to d 2, and in GrCH mean concentrations decreased (P < .01) again from d 3 to d 7. In GrCH, but not in GrCL, concentra- tions postprandially decreased (P < .05) within 2 h on d 1, 2, 3, and 7 (by 7.9 ± 1.0, 10.2 ± .8, 9.1 ± 3.5, and 11.3 ± .5 nmol/L, respectively). Concentrations were higher (P < .01) in GrCH than in GrCL only before the first meal.
Plasma T 3 concentrations (Table 5 ) decreased (P < .001) from d 1 to d 2, and again from d 3 to d 7, in GrCL and decreased (P < .01) from d 1 to d 3 in GrCH. Concentrations were higher in GrCH than in GrCL on d 1 and tended to be higher (P = .05) in GrCL than in GrCH on d 3.
Plasma T 4 concentrations (Table 5) in both groups decreased (P < .05) from birth to d 2, and again from d 3 to d 7, but there were no significant group differences.
Xylose Absorption Test
Plasma xylose concentrations increased (P < .001) in both groups to highest concentrations at 4 h after xylose intake (from .4 ± .01 mmol/L to 3.7 ± .1 mmol/L xylose in GrCH and from .4 ± .02 mmol/L to 3.8 ± .5 xylose mmol/L in GrCL) but showed no group differences, and then decreased (P < .05) again to 24 h after xylose intake in both groups to basal levels. Concentrations tended to be higher (P = .057) at 2 h after xylose intake in GrCH than in GrCL (3.1 ± .1 xylose mmol/L in GrCH and 2.6 ± .4 mmol/L xylose in GrCL), and were higher (P < .05) in GrCL than in GrCH between 6 and 8 h after xylose intake (means: 2.4 ± .1 mmol/L xylose for GrCH and 3.1 ± .2 mmol/L xylose for GrCL).
Discussion
Feeding, Growth Performance, and Clinical Traits
Intakes during the 1st wk of life of DM, GE, CP, and crude fat were higher, whereas intakes of water, NFE, and crude ash were lower, in GrCH than in GrCL, as expected. Different BW development in calves of GrCH and GrCL was likely an effect of greater nutrient supply in GrCH than in GrCL. A more pronounced effect of intensive colostrum intake on BW gain during the 1st wk of life was seen in suckling calves (Egli and Blum, 1998) . It may have been in part the consequence of different genetics and different milk composition, besides ingestion of high amounts of colostrum.
The tendency of higher rectal temperatures, although they were not mirrored by higher heart rates, in calves of GrCH can be interpreted as a sign of higher vitality, and possibly of increased metabolic activity, in accordance with previous studies in neonatal calves Egli and Blum, 1998) and pigs (Le Dividich and Noblet, 1984) . Calves were in general healthy, and there were only transient differences in health status between GrCH and GrCL. The higher incidence of loose Table 5 . Basal blood plasma concentrations of hormones in newborn calves fed either first colostrum during the entire 1st wk of life (GrCH; n = 7) or fed colostrum for the first 3 d and then milk replacer for the 1st wk of life (GrCL; n = 7) feces in calves of GrCH than of GrCL may point to a slight GI tract disturbance as a consequence of a too high feeding intensity, especially possibly due to the higher intake of immunoglobulins, which may not have been completely absorbed in calves of GrCH and may have changed the osmolarity of GI contents.
Metabolic Traits
Packed cell volume and blood hemoglobin concentrations decreased, probably as a consequence of hemodilution after feed intake and partly because of blood sampling, as shown previously Kü hne et al., 2000) .
Significantly higher plasma IgG concentrations on d 2 and 3 and numerically higher concentrations to d 7 in GrCH than in GrCL can be interpreted to be due to higher IgG intake during the first 36 h of life. Enhanced colostrum supply after birth allowed calves to maintain high plasma IgG concentrations for a longer time, as shown in other studies (Stott and Fellah, 1983; Morin et al., 1997; Hammon and Blum, 1998; Kü hne et al., 2000) . A high immunoglobulin status corresponded well with improved calf health (White and Andrews, 1986) . Plasma total protein concentrations mirrored IgG concentrations, but higher total protein concentrations on d 7 in GrCH than in GrCL were also the result of higher plasma albumin concentrations. A decrease of albumin concentrations after the first meal and an increase of plasma albumin concentrations up to d 7 were seen in other studies Egli and Blum, 1998) . The higher albumin concentrations on d 7 in GrCH than in GrCL indicate that intensive colostrum feeding enhances hepatic albumin synthesis.
The activity of γ-GT initially also paralleled IgG concentrations, in accordance with and . The cause(s) of lower γ-GT activities after the first feeding in GrCH than in GrCL is(are) not clear, because plasma γ-GT activities in neonatal calves are the result of absorption of colostral γ-GT, and the first feed intake was not different between groups.
Markedly higher urea concentrations in GrCH than in GrCL point to a higher rate of protein degradation and amino acid deamination, probably as a consequence of the high intake of CP and amino acids that could not be utilized for protein synthesis. Conversely, the decrease of urea concentrations in GrCH on d 7 coincided with higher plasma albumin levels and possibly mirrored increased protein synthesis. Insulin is well known to stimulate protein synthesis and uptake of amino acids by target tissues; thus, the rise of plasma insulin on d 7 possibly contributed to enhanced protein synthesis and to the decline of plasma urea concentrations. Because creatinine concentrations were similar in both groups, differences in renal function were unlikely and cannot explain differences in plasma urea levels.
A rise of preprandial plasma glucose concentrations during the 1st wk of life was expected (Grü tter and Blum, 1991a; Hammon and Blum, 1998) , and this supports the studies in which colostrum intake in high amounts and immediately after birth was shown to have prolonged positive effects on the plasma glucose status during the 1st wk of life in calves. This may be due to stimulation of small intestinal lactase activity, hence lactose digestion and absorption of glucose and galactose (Tivey et al., 1994) , but lactose content on a DM basis is lower in first colostrum than in mature milk or MR, and lactose intake was smaller in GrCH than in GrCL during the 1st wk of life. The same postprandial glucose responses in both groups despite a smaller lactose intake in GrCH than in GrCL may have been due to enhanced gluconeogenesis by glucagon, the concentrations of which on d 2 and 3 in GrCH were higher than in GrCL. In neonates, glucagon plays a major role in gluconeogenesis, which is enhanced by colostrum intake (Girard, 1986) . On d 7, glucose concentration increased postprandially more in GrCH than in GrCL, although lactose intake was almost the same, indicating that the glucose status is improved by feeding increased amounts of first colostrum.
Concentrations of lactate were high at birth and decreased during the 1st wk of life in both groups, in accordance with , and may have served as a substrate for gluconeogenesis in our calves. Because there were no differences in plasma lactate concentrations between groups, and if we presume a higher rate of gluconeogenesis in GrCH than in GrCL, substances other than lactate provided by colostrum must have served as substrates for gluconeogenesis.
Different plasma NEFA concentrations immediately before and after the first feeding were probably due to individual differences and possibly to different reactions to birth stress. Relatively small differences in plasma NEFA concentrations indicated sufficient energy supply to calves of both groups. Significantly lower NEFA concentrations at 1 h after feed intake on d 7 in GrCH than in GrCL coincided with a marked insulin response and increased glucose concentrations in GrCH.
The TG concentrations in newborn calves are dependent on fat absorption and are greatly influenced by amount and time point of ingested colostrum Hammon and Blum, 1998; Kü hne et al., 2000) . Plasma TG concentrations increased during the first 3 d in both groups; however, the increase was greater in GrCH than in GrCL. This might have been a result of the higher fat content of first colostrum, but the fat content of the third and fifth milkings was not dramatically different from that of first colostrum. Therefore, differences in plasma TG concentrations likely also indicated better fat absorption in calves fed only first colostrum. Intake of great amounts of colostrum immediately after birth markedly improves fat absorption and lipid and fatty acid status in neonatal calves Hammon and Blum, 1998; Kü hne et al., 2000) . This might have been in part due to colostral lipase, which supports fat digestion in human infants (Hamosh, 1996) . This was supported by the finding that pancreatic lipase activity was higher in calves of GrCH than in GrCL calves on d 8 of life (Le Huërou-Luron, Guilloteau, Hammon, and Blum, unpublished observations) . Higher plasma phospholipid and cholesterol concentrations on d 7 in GrCH than in GrCL may have partly been due to higher fatty acid absorption rate of a diet containing more fat than MR. However, concentrations of plasma TG did not differ between groups on d 7; thus, variations in lipid metabolism rather than in fat absorption possibly caused higher phospholipid and cholesterol levels in GrCH than in GrCL.
Endocrine Traits
Different intensities of colostrum feeding had no significant effects on plasma insulin concentrations during the first 3 d of life, but the insulin response was in accordance with that of colostrum-fed calves in previous studies (Grü tter and Blum, 1991a; Hammon and Blum, 1998; Kü hne et al., 2000) . Greater insulin responses on d 7 in GrCH than in GrCL were probably the consequence of a greater nutrient intake during the entire week. Higher plasma glucose concentrations immediately after feeding on d 7 in GrCH than in GrCL likely enhanced plasma insulin secretion more in GrCH than in GrCL. Whether stimulation of insulin secretion by GI hormones contributed to greater insulin responses in this group (Guilloteau et al., 1997 ) cannot be excluded. Prolonged effects on insulin response in calves intensively fed colostrum compared with calves fed low amounts of colostrum or MR were shown in previous studies Kü hne et al., 2000) .
Plasma glucagon concentrations increased after the first feed intake in both groups, as also seen in previous studies Kü hne et al., 2000) .
In accordance with Mao et al. (1994) , concentrations gradually decreased during the 1st wk of life in GrCL. Interestingly, glucagon concentrations on d 2 and 3 were increased in GrCH. As discussed above, glucagon stimulates gluconeogenesis, and it might be that this was the consequence of high amino acid and lower carbohydrate intake, similar to that seen in previous studies Kü hne et al., 2000) .
The increase of PRL concentrations after the first feeding was expected Hammon and Blum, 1998) , but whereas changes in plasma PRL concentrations in GrCL varied markedly, PRL concentrations in calves fed first colostrum during the whole week remained relatively stable and at low levels. The importance of this finding is not clear, but it is remarkable that plasma GH and PRL concentrations in GrCH were relatively low.
Plasma GH concentrations in newborn calves were reported to be barely or not regularly influenced by colostrum feeding (Grü tter and Blum, 1991b; Hammon and Blum, 1997b) . This was also the case in GrCL, in which GH concentrations changed inconsistently and did not show any relationship to feed intake. However, plasma GH concentrations in GrCH remained low during the 1st wk of life and did not show great changes. As reviewed by Breier and Sauerwein (1995) , plasma GH concentrations are enhanced in growing cattle during energy restriction, and Kü hne et al. (2000) found higher plasma GH concentrations in calves fed only MR. Contrary to a deficient nutrient supply, our results indicated reduced GH release when calves received high amounts of nutrients. To what extent plasma TG, which can inhibit GH secretion (Coxam et al., 1989) , modified GH levels in our study is unclear.
As shown before, IGF-I concentrations decreased during the 1st wk of life in calves fed colostrum or only MR Hammon and Blum, 1997b; Kü hne et al., 2000) . Although first colostrum contains higher amounts of IGF-I, we found no differences in plasma IGF-I concentrations between groups. This supports the results of Vacher et al. (1995) and Hammon and Blum (1997b) that IGF-I is barely absorbed, if at all, by newborn calves. In contrast to our studies, an increase in plasma IGF-I concentrations during the 1st wk of life was seen in suckling calves in which a high colostrum intake was assumed (Egli and Blum, 1998) . Whether feeding intensity or sucking itself contributed to this different behavior of IGF-I concentrations in suckling compared with nonsuckling calves is unclear. In our case, the present data show that plasma IGF-I concentrations decrease in neonatal calves of dairy breeds even if colostrum is intensively fed.
Causes for different cortisol concentrations before the first feeding are not clear, but as in the case of NEFA the differences may have been due to variances in stress experienced during birth. During the 1st wk, cortisol concentrations decreased, as reported in other studies Lee et al., 1995; Hammon and Blum, 1998) . The more marked postprandial decrease of cortisol concentrations in GrCH than in GrCL might have been a consequence of high energy intake by calves fed first colostrum.
A decrease of plasma T 3 and T 4 concentrations during the 1st wk of life in calves fed colostrum was seen before (Grongnet et al., 1985; Ronge and Blum, 1988; Hammon and Blum, 1998; Kü hne et al., 2000) . Thyroid hormone concentrations were obviously not affected by a different intensity of colostrum feeding.
Xylose Absorption Test
The xylose absorption test took place on d 5 (i.e., when calves of GrCL were provided only MR for the 2nd d), and the diet of GrCH consisted of one-half first colostrum and one-half MR. Although glucose might depress xylose absorption in vitro (Moe et al., 1985) , xylose absorption in neonatal calves seems not to be influenced by lactose feeding (Hammon and Blum, 1997a) . The magnitude of the postprandial increase of plasma xylose concentrations in both groups was similar to results of and Hammon and Blum (1997a) . There were no significant differences in xylose concentration between groups, indicating a lack of effect of enhanced colostrum feeding on xylose absorption, as also seen by Kü hne et al. (2000) . However, xylose concentration decreased faster in GrCH than in GrCL, indicating enhanced clearance rates. These findings were surprising in view of previous results (Hammon and Blum, 1997a) . Furthermore, in calves of the present study, villus heights and areas in duodenum on d 8 of life were significantly greater in GrCH than in GrCL (Blä ttler, Hammon and Blum, unpublished data) . Based on this, a greater absorptive capacity for xylose could be expected in GrCH than in GrCL. Changes in intestinal absorptive capacity in response to colostrum feeding intensity may take a longer time.
In conclusion, the data demonstrate an improved metabolic and immunological status, especially with respect to lipid and protein metabolism, based on significantly higher concentrations of plasma IgG, protein, urea, γ-GT, triglycerides, cholesterol, and phospholipids, in calves fed first colostrum during the 1st wk of life. These effects were associated with significant effects on insulin, glucagon, and GH, but not with changes in GI absorptive capacity.
Implications
Intake of large amounts of first colostrum during the 1st wk of life improves protein, lipid, and immunoglobulin status in neonatal calves. However, maximizing first colostrum intake does not necessarily improve the efficiency of the gastrointestinal tract in neonatal calves. The effects are considered to be primarily the conse-quence of greater nutrient intake, but additional effects of bioactive colostral components should be investigated in additional studies.
